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METHOD, SYSTEM, AND PROGRAM FOR
ESTABLISHING AND USING A

POINT-IN-TIME COPY RELATIONSHIP

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present mvention relates to a method, system, and
program for establishing and using a point-in-time copy
relationship.

2. Description of the Related Art

Computing systems oiten include one or more host com-
puters (“hosts”) for processing data and running application
programs, direct access storage devices (DASDs) for storing
data, and a storage controller for controlling the transfer of
data between the hosts and the DASD. Storage controllers,
also referred to as control units or storage directors, manage
access to a storage space comprised of numerous hard disk
drives, such as a Direct Access Storage Device (DASD),
Redundant Array of Independent Disks (RAID), Just a
Bunch of Disks (JBOD), etc. Hosts may communicate
Input/Output (I/O) requests to the storage space through the
storage controller.

In many systems, data on one storage device, such as a
DASD, may be copied to the same or another storage device
so that access to data volumes can be provided from two
different devices. A point-in-time copy involves physically
copying all the data from source volumes to target volumes
so that the target volume has a copy of the data as of a
point-in-time. A point-in-time copy can also be made by
logically making a copy of the data and then only copying
data over when necessary, i eflect deferring the physical
copying. This logical copy operation 1s performed to mini-
mize the time during which the target and source volumes
are 1naccessible.

One such logical copy operation 1s known as FlashCopy®
(FlashCopy 1s a registered trademark of International Busi-
ness Machines, Corp. or “IBM”). FlashCopy® 1nvolves
establishing a logical point-in-time relationship between
source and target volumes. A bitmap 1s maintained for each
volume having a bit value for each track indicating whether
the data for a track 1s located in the volume or another
volume. During the establishment operation, all the bit
values 1n the bitmap for the target volume are set to “on” to
indicate that the data for the target volume 1s at another
location. After the relationship 1s established, 11 an attempt
1s made to stage data to a track, the bit value 1n the bitmap
tor the volume including the track 1s checked. If the bit value
1s “on”, indicating the track i1s a target track subject to a
point-in-time copy relationship, then the target track 1s
staged from the corresponding source track in the source
device 1nto the target cache. If an access attempts to destage
a source track from source cache, the bitmap for the corre-
sponding target volume having the target track 1s checked. It
the bit value 1n the target bitmap 1s “one”, then the target
track 1s staged from the source device to the target cache,
then destaged from the target cache to the target device and
the bit value 1n the target bitmap for the destaged track from
target cache 1s set to “off”. The access to the source track 1s
only granted after the target relationship bitmap indicates
that there 1s no longer any need to stage the source track to
the target cache.

Prior art operations to tracks subject to a point-in-time
copy relationship, such as a FlashCopy relationship, require
that the target bitmap be readable to both the source and
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target volumes so that stages and destages can be coordi-
nated to maintain the point-in-time copy relationship. To
allow the target bitmap to be readable to both the source and
target volumes, in the prior art, the source and target
volumes 1nvolved in a point-in-time copy relationship must
be 1 the same cluster and logical subsystem. A cluster
comprises a separate processor complex, cache, and power
boundary, so that if one cluster 1n a system fails, as part of
a failover, the surviving cluster can handle I/O requests. A
logical subsystem (LSS) 1s a logical structure used for
configuration of the device. A logical subsystem comprises
logical tunctions of a storage controller that allow one or
more host I/O interfaces to access a set of devices. One or
more logical subsystems may exist on a storage controller
and a given set of devices 1s typically associated with only
one logical subsystem.

There 1s a need 1n the art to provide improved techniques
for implementing and using a point-in-time copy relation-
ship.

SUMMARY OF THE DESCRIBED
IMPLEMENTATIONS

Provided are a method, system, and program for estab-
lishing a pomt-in-time copy. A source relationship data
structure and target relationship data structure are generated
when establishing a point-in-time copy relationship between
source and target storage areas, wherein the source and
target relationship data structures each include an indicator
for each source storage area and corresponding target stor-
age area 1n the point-in-time copy relationship. The source
and target relationship data structures are initialized to set
the indicator for each source storage area and corresponding,
target storage area in the point-in-time copy relationship to
a first value. A determination 1s made that data was written
to one target storage area atter establishing the point-in-time
copy relationship. The indicators in the source and target
relationship data structures corresponding to the source
storage area and corresponding target storage area to which
data was written are set to a second value.

In further implementations, a request to update one source
storage area included in the point-in-time copy relationship
1s received. If the indicator in the source relationship data
structure for the source storage area to update 1s the second
value, then the update to the source storage area 1s applied.

In still further implementations, 1f the indicator in the
source relationship data structure for the source storage area
to update 1s the first value, then a determination 1s made as
to whether the indicator in the target relationship data
structure for the target storage area corresponding to the
source storage area to update 1s set to the first value. If the
determined indicator in the target relationship data structure
1s the first value, then the data 1n the source storage area to
update 1s written to the target storage area. The update 1s
applied to the source storage area after writing the data in the
source storage area to the target storage area 1f the deter-
mined indicator in the target relationship data structure 1s the
first value.

Yet further, the storage arcas may comprise tracks, and
determining whether data was written to one target storage
areca comprises determining whether the target track 1n a
target cache was destaged to the target track. Further, the
indicators in the source and target relationship data struc-
tures are set to the second value after destaging the target
track from the target cache.
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BRIEF DESCRIPTION OF THE DRAWINGS

Referring now to the drawings in which like reference
numbers represent corresponding parts throughout:

FIG. 1 illustrates a computing environment in which
aspects of the invention are implemented;

FIGS. 2a and 25 1llustrate data structures used to maintain
a logical point-in-time copy relationship in accordance with
implementations of the mvention; and

FIGS. 3, 4, 5, 6, and 7 illustrate logic to establish and use
a logical point-in-time copy relationship in accordance with
implementations of the imnvention; and

FIG. 8 illustrates an architecture of computing compo-
nents in the network environment, such as the hosts and
storage controller, and any other computing devices.

DETAILED DESCRIPTION OF TH.
PREFERRED EMBODIMENTS

(L]

In the following description, reference 1s made to the
accompanying drawings which form a part hereof and which
illustrate several embodiments of the present invention. It 1s
understood that other embodiments may be utilized and
structural and operational changes may be made without
departing from the scope of the present invention.

FIG. 1 illustrates a computing architecture i which
aspects of the mvention are implemented. A storage con-
troller 2 would receive Input/Output (I/0) requests from host
systems 4a, 4b . . . 4n over a network 6 directed toward
storage devices 8a, 8b configured to have volumes (e.g.,
Logical Unit Numbers, Logical Devices, etc.) 10a, 105 . . .
1072 and 12a, 1256 . . . 12m, respectively, where m and n may
be different integer values or the same value. The storage
controller 2 further includes two clusters 14a, 145, each
including a processor complex 16a, 165, cache 18a, 185
including volume metadata 20aq, 205, and a non-volatile
storage unit 22a, 22b to provide backup storage of updates
in the cache 18a, 18b. The clusters 16a, 1656 may have
different power boundaries. In the described implementa-
tion, cluster 14a manages volumes that are source volumes
and cluster 145 manages volumes that are target volumes
involved 1n a point-in-time copy relationship. Additionally,
cach cluster 14aq, 14b may manage both target and source
volumes 1n different point-in-time copy relationships. Each
cluster 14a, 14H includes storage management software 24a,
24b executed by the processor complexes 16a, 166 to
manage the copying of data between the different storage
devices 8a, 8b, such as the type of logical copying that
occurs during a FlashCopy® operation. A bus 26 provides a
communication interface to enable communication between
the clusters 14a, 14b. The bus may comprise any commu-
nication interface known in the art, such as Peripheral
Component Interconnect (PCI) bus, or other bus interfaces,
or a network communication interface, such as a Wide Area
Network (WAN), Storage Area Network (SAN), Local Area
Network (LAN), the Internet, a wireless network, etc.

The storage controller 2 may comprise any storage con-
troller or server known 1n the art, such as the IBM Enterprise
Storage Server (ESS)®, 3990® Storage Controller, efc.
(Enterprise Storage Server 1s a registered trademark of
IBM). The clusters 14a, 14b may be 1n the same storage
controller 2 as shown in FIG. 1 or in different storage
controllers. The hosts 4a, 46 . . . 4n may comprise any
computing device known in the art, such as a server,
mainiframe, workstation, personal computer, hand held com-
puter, laptop, telephony device, network appliance, etc. The
storage controller 2 and host system(s) 4a, 40 . . . 4n
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communicate via a network 6, which may comprise a
Storage Area Network (SAN), Local Area Network (LAN),

Intranet, the Internet, Wide Area Network (WAN), etc. The
storage systems 8a, 86 may comprise an array of storage
devices, such as a Just a Bunch of Disks (JBOD), DASD,

Redundant Array of Independent Disks (RAID) array, vir-
tualization device, etc.

When a host 4a, 4b . . . 4r 1mitiates an operation to
establish a point-in-time copy operation for specified tracks
in volumes 10aq, 1056 . . . 10z 1n the source storage 8a to

specified tracks in volumes 12a, 126 . . . 12m 1n the target
storage 8b, the storage management soltware 24a, 24b
generates volume metadata 20q, 206. FIGS. 2a, 25 1llus-
trates data structures that the storage management software
24a, 245 may maintain in the source 18a and target 185b
cache or source 8a and target 856 storages. The volume
metadata 20q, 205 maintained for the source and target may
include a relationship table 30a, 3056 having a plurality of
relationship table entries 32a, 325, only one 1s shown in
detail, for each established relationship between a source
and target volumes. In the described implementations, the
relationship table entries 32a, 326 establish a relationship
where cluster 14a manages the source volumes and cluster
145 manages the target volumes in the relationship. Each
relationship table entry 32a, 326 includes an extent of source
tracks 34a, 345 providing information on those source tracks
in the source storage 8a involved in the point-in-time
relationship and the corresponding extent of target tracks
36a, 365 1n the target storage 85 involved 1n the relationship,
wherein an ith track in the extent of source tracks 34a, 345
corresponds to the 1th track in the extent of target tracks 36a,
366.

Each relationship table entry 32a, 325 further includes a
relationship bit map 38a, 385. Each bit in the relationship
bitmap 38a, 3856 indicates whether the corresponding track
managed by the cluster 14a, 145 1s in the storage managed
by that cluster 14a, 145, or 1n another storage. For instance,
il a bit in the target relationship bitmap 3856 1s “on” (or
“off”’), then the data for the track corresponding to such bit
1s located 1n the source storage 8a. In the described 1mple-
mentations, the source relationship bitmap 38a maintains a
copy ol the target relationship bitmap 3856 that the cluster
14a uses to determine whether the point-in-time copy of the
tracks have been destaged to the target storage 8b. In further
implementations, the information described as implemented
in the relationship bitmaps 38a, 385 may be implemented 1n
any data structure known in the art, such as a hash table, etc.

The relationship table entries 32a, 326 may indicate
additional information, such as the device address of the
source 8a and target 8b storage devices, number of tracks
copied over from the source extent 34 to the target extent 36,
etc. As discussed, after the point-in-time copy 1s established,
the physical data my be copied over from the source to target
as part ol a background operation. Additional information
that may be maintamned in a relationship table used to
establish a point-in-time copy 1s further described in the
commonly assigned patent entitled “Method, System, and
Program for Maintaining Electronic Data at of a Point-1n-
time”, having U.S. Pat. No. 6,611,901, which patent 1s
incorporated herein by reference 1n 1ts entirety.

FIG. 3 illustrates logic implemented 1n the storage man-
agement software 24a, 245 to perform operations related to
establishing a point-in-time copy relationship between
tracks 1n the source storage 8a and tracks in the target
storage 8b, such as may occur as part of a FlashCopy®
operation or any other type of logical copy operation. The
storage management software 24a, 24b would separately
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execute 1n each processor complex 16a, 165 to establish the
necessary data structures for the source and target, respec-
tively. Upon recerving (at block 100) a command from a host
da, 4b . . . 4n to establish a point-in-time copy relationship
between specified source tracks and specified target tracks,
the storage management software 24a, 24b generates (at
block 102) a source and target relationship table entries 32a,
325/ indicating an extent of source tracks 34a, 345 and target
tracks 36a, 365 subject to the logical copy relationship and
source and target relationship bitmaps 38a, 385 including a
bit for each target-source track pair 1n the point-in-time copy
relationship to indicate whether the data from the source
track has been copied to the corresponding target track. All
the bits 1n the relationship bitmap 38a, 385 may be 1nitial-
1zed (at block 104) to “on”. A background copy operation
may copy the source tracks to the target tracks after the
logical poimt-in-time copy 1s established. When a source
track 1s copied to a target track as part of such a background
copy operation or any other operation, then the bit corre-
sponding to the source track just copied to the target track 1s
eventually set to “ofl” 1n both the source 38a and target 385
relationship bitmaps in order to indicate that there 1s no
turther need to copy the source track as of the point-in-time
to the corresponding target track at the target storage 8b.

With the described logic, the establishment process ends
after generating the copy relationship information as a
relationship table entry 32a, 325 and both the source 38a and
target 38b relationship bitmap values representing tracks
involved 1n the point-in-time copy relationship are initial-
1zed to “on”. This reduces the establishment process by a
substantial amount of time, such as several seconds, thereby
reducing the time during which the source and target vol-
umes are oilline to host I/O access during the establishment
of the point-in-time copy relationship. Additional operations
may further be performed as part of the establishment
process.

In described implementations, the cluster 14a manages
I/0 access to volumes 10a, 105 . . . 10 that are designated
as source tracks in a point-in-time copy relationship and
cluster 145 manages I/O access to volumes 12a, 126 . . . 12
that are designated as target tracks in a point-in-time copy
relationship. In the event that one cluster, e.g., cluster 14a,
falled, then during a failover, the surviving cluster, e.g.,
cluster 146 would manage access to the volumes managed
by the failed cluster 14a. Thus, both clusters 14a, 145 have
access to all the storage volumes 8a, 8b.

FIG. 4 illustrates logic implemented in the storage man-
agement soltware 24a, 24b to process a request to destage a
source track 1 a point-in-time copy relationship, as ndi-
cated 1n the extent of source tracks 34a. Upon receiving (at
block 150) the request to destage a source track from source
cache 18, if (at block 152) the bit value in the source
relationship bitmap 38a corresponding to the requested
source track to destage 1s not “on”, indicating that there 1s no
need to copy the source point-in-time copy of the target
track, then the source track i1n the source cache 18a 1s
destaged (at block 154) to the source storage 8a. Otherwise,
if (at block 152) the bit value 1s “on”, indicating that the
point-in-time copy of the source track needs to be copied to
the target storage 8b, then the storage management software
24a 1n the source cluster 14a sends (at block 156) a “Source
Destage Intercept” message identilying the target track
corresponding to the requested source track to destage to the
target cluster 14b.

FIG. 5 illustrates logic implemented in the storage man-
agement software 24a, 24b to process a “Source Destage
Intercept” message. In response (at block 200) to such

10

15

20

25

30

35

40

45

50

55

60

65

6

message, 1f (at block 202) the bit value in the target
relationship bitmap 385 corresponding to the target track
indicated 1n the message 1s not “on”, then the point-in-time
source track 1s no longer needed, and a “Target Destage
Complete” message 1s sent (at block 204) to the source
cluster 14a including target track ID of the target track
checked. Otherwise, 11 the bit value 1n the target relationship
bitmap 385 1s “on”, then the storage management software
24b 1n the target cluster 14b stages (at block 206) the target
track indicated in the “Target Destage Complete” message
from the source storage 8a to the target cache 185. In certain
situations, the source bit value may be “on”, but the track
from the source storage may have already been copied over
to the target cache 185 because the copying over has not yet
been acknowledged and reflected in the source relationship
bitmap 38a. The target track 1s then destaged (at block 208)
from the target cache 186 to the target storage 8b. After
destaging the target track, the bit 1in target bitmap 386 (FIG.
2b) corresponding to the destaged target track 1s set to “ofl”.
After setting the bit value to “ofl””, control proceeds to block
204 to send the “Target Destage Complete message to the
source cluster 14a 1dentitying the target track destage.

With respect to FIG. 4, upon recerving (at block 158) the
“Target Destage Complete” message from the target cluster
145 indicating the destaged target track in response to the
previously transmitted “Source Destage Intercept”, the stor-
age management software 24a executing in the source
cluster 14a sets (at block 160) the bit 1n the source bitmap
38a eerrespendmg to the source track to destage to “ofl”.
The source track 1s then destaged (at block 162) to source
storage 8a.

FIG. 6 1illustrates logic implemented 1n the storage man-
agement soltware 24a, 24b to process a request to stage a
target track 1n a point-in-time copy relationship to the target
cache 18b6. Upon receiving (at block 230) the stage request,
il (at block 232) the bit value in the target relationship
bitmap 385 1s not “on”, indicating that the point-in-time
copy has already been destaged, then the storage manage-
ment software 245 1n the target cluster 145 stages (at block
234) the requested target track from the target storage 85 to
the target cache 18b. Otherwise, 1f (at block 232) the bit
value 1n the target relationship bitmap 385 1s “on”, then the
storage management software 245 1n the target cluster 145
stages (at block 236) the target track from the source storage
8a to the target cache 186 to ensure that the point-in-time
copy will be written to the target storage 8b.

FIG. 7 1illustrates logic implemented 1n the storage man-
agement soltware 24a, 24b to process a request to destage a
target track 1n a point-in-time copy relationship to the target
cache 18b6. Upon receiving (at block 2350) the request, the
storage management soltware 24b 1n the target cluster 145
sets (at block 252) the bit value 1n the target bitmap 38
corresponding to the target track being destaged to “ofl”” and
then sends (at block 254) a “Target Destage Complete”
message to the source cluster 14a including the target track
ID of the destaged target track.

With the described implementations, the source cluster
14a maintains, through the source relationship bitmap 38a,
a copy of the target relationship bitmap 385 that 1s updated
whenever the target cluster 145 destages a target track to
target storage 8b. The above described logic ensures that the
source cluster 14a will not destage an updated track in the
source cache 18a 1n a manner that would overwrite a source
track 1n source storage 8a that is subject to a point-in-time
copy relationship and has not yet been copied over to the
corresponding target track in target storage 85. With the
above described logic, even 1f a message was lost, the source
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cluster 14a would still not overwrite any point-in-time
source tracks not yet copied to the target because the storage
management software requires acknowledgment of a target
destage complete message for a track before setting the
corresponding bit 1n the source bitmap 38a to “ofl”. This
acknowledgment ensures that the source confirms that the
point-in-time copy source track has been copied to the target
or overwritten such that the source track 1s no longer needed.
Further, although a bit value of “off” indicates that the
source track has already been copied over, 1f the bit value 1s
“on”, the source track may have been copied over without
confirmation from the target of the copy.

In further implementations of FIG. 7, if the storage
management software 245 attempts to destage a target track
in target cache 165 that 1s partially written, then the storage
management software 24b may stage in from the source
storage 8a that portion of the target track not included in the
target cache 18b, so that when the target track i1s subse-
quently destaged, the destaged data includes the partial
update and the point-in-time version of the source data for
that portion of the target track in the target cache 165 that has
not been updated.

In additional implementations, if an entire target track (all
sectors) 1n the target cache 186 has been modified, then the
storage management software 24b at the target cluster 145
can turn the corresponding bit value 1n the target relationship
bitmap to 3856 “oil” and send a “Target Destage Complete”™
message to the source cluster 14a to update the source
relationship bitmap 38a. This operation would improve
performance by allowing the source cluster 14a to destage a
track without having to send a “Source Destage Intercept”
message and wait for a response from the target cluster 145.

In yet further implementations, if the source relationship
bitmap 38a becomes corrupted, then the storage manage-
ment soltware 24a may set all values 1n the source relation-
ship bitmap 38a and then require that the source cluster 14a
confirm that the target track has been destaged before
destaging a source track.

Additional Implementation Details

The described techniques for establishing and using a
point-in-time copy relationship may be implemented as a
method, apparatus or article of manufacture using standard
programming and/or engineering techniques to produce
soltware, firmware, hardware, or any combination thereof.
The term “article of manufacture™ as used herein refers to
code or logic implemented 1n hardware logic (e.g., an
integrated circuit chip, Programmable Gate Array (PGA),
Application Specific Integrated Circuit (ASIC), etc.) or a
computer readable medium, such as magnetic storage
medium (e.g., hard disk drives, floppy disks, tape, etc.),
optical storage (CD-ROMs, optical disks, etc.), volatile and
non-volatile memory devices (e.g., EEPROMs, ROMs,
PROMs, RAMs, DRAMs, SRAMs, firmware, program-
mable logic, etc.). Code 1n the computer readable medium 1s
accessed and executed by a processor complex. The code 1n
which preferred embodiments are implemented may further
be accessible through a transmission media or from a {ile
server over a network. In such cases, the article of manu-
facture 1n which the code 1s implemented may comprise a
transmission media, such as a network transmission line,
wireless transmission media, signals propagating through
space, radio waves, inirared signals, etc. Thus, the “article of
manufacture” may comprise the medium in which the code
1s embodied. Additionally, the “article of manufacture” may
comprise a combination of hardware and software compo-
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nents in which the code 1s embodied, processed, and
executed. Of course, those skilled 1n the art will recognize
that many modifications may be made to this configuration
without departing from the scope of the present invention,
and that the article of manufacture may comprise any
information bearing medium known 1n the art.

The described implementations for establishing a logical
point-in-time copy relationship were described for use with
systems deployed 1n a critical data environment where high
availability 1s paramount. However, those skilled 1n the art
will appreciate that the point-in-time copy operations
described herein may apply to storage systems used for
non-critical data where high availability 1s not absolutely
necessary.

In the described implementations, the source and target
storage were managed by different clusters 14a, 14b6. In
alternative implementations, the source and target volumes
subject to a point-in-time copy relationship may be 1n
different Logical Subsystems (LSS) on the same or different
clusters, or 1n different machines, control units, etc. If the
source and target are on the same cluster, then instead of
sending messages, the source and target may issue function
calls to perform the same processing and operations that are
cllected by the “Source Destage Intercept” and “Target
Destage Complete” messages. This insures that in any
context where the source and target do not share the same
addressing resources, 1.e., can read data on the other, mes-
sages or functions are used to coordinate destaging and
staging operations to prevent deadlock or corruption 1n the
point-in-time copy relationship.

The 1llustrated logic of FIGS. 3—7 show certain events
occurring in a certain order. In alternative implementations,
certain operations may be performed in a different order,
modified or removed. Morever, steps may be added to the
above described logic and still conform to the described
implementations. Further, operations described herein may
occur sequentially or certain operations may be processed 1n
parallel. Yet further, operations may be performed by a
single processing unit or by distributed processing units.

FIG. 8 illustrates one implementation of a computer
architecture 300 of the network components, such as the
hosts and storage controller shown 1n FIG. 1. The architec-
ture 300 may include a processor 302 (e.g., a microproces-
sor), a memory 304 (e.g., a volatile memory device), and
storage 306 (e.g., a non-volatile storage, such as magnetic
disk drives, optical disk drives, a tape drive, etc.). The
storage 306 may comprise an internal storage device or an
attached or network accessible storage. Programs in the
storage 306 are loaded 1nto the memory 304 and executed by
the processor 302 1 a manner known in the art. The
architecture further includes a network card 308 to enable
communication with a network. An input device 310 1s used
to provide user mput to the processor 302, and may include
a keyboard, mouse, pen-stylus, microphone, touch sensitive
display screen, or any other activation or input mechanism
known 1n the art. An output device 312 1s capable of
rendering information transmitted from the processor 302,
or other component, such as a display monitor, printer,
storage, etc.

The foregoing description of various implementations of
the mvention has been presented for the purposes of illus-
tration and description. It 1s not intended to be exhaustive or
to limit the invention to the precise form disclosed. Many
modifications and variations are possible 1 light of the
above teaching. It 1s intended that the scope of the mnvention
be limited not by this detailed description, but rather by the
claims appended hereto. The above specification, examples
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and data provide a complete description of the manufacture
and use of the composition of the invention. Since many
embodiments of the invention can be made without depart-
ing from the spirit and scope of the invention, the invention
resides 1n the claims hereimnafter appended.

What 1s claimed 1s:
1. A method for establishing a point-in-time copy, com-
prising:

generating a source relationship data structure and target
relationship data structure when establishing a point-
in-time copy relationship between source and target
storage areas, wherein the source and target relation-
ship data structures each include an indicator for each
source storage area and corresponding target storage
area 1n the point-in-time copy relationship;

initializing the source and target relationship data struc-
tures to set the indicator for each source storage area
and corresponding target storage area 1n the point-in-
time copy relationship to a first value;

determining that data was written to one target storage
arca after establishing the point-in-time copy relation-
ship;

setting the 1ndicators to a second value 1n the source and
target relationship data structures corresponding to the
source storage area and corresponding target storage
area 1n response to determining that the data was
written to the corresponding target;

receiving a request to update one source storage area
included 1n the point-in-time copy relationship;

if the indicator 1n the source relationship data structure for
the source storage area to update 1s the first value, then
determining whether the indicator in the target rela-
tionship data structure for the target storage area cor-
responding to the source storage area to update 1s set to
the first value;

if the determined indicator 1n the target relationship data
structure 1s the first value, then writing the data in the
source storage area to update to the target storage area;
and

applying the update to the source storage area after
writing the data in the source storage area to the target
storage area 1f the determined indicator in the target
relationship data structure 1s the first value.

2. The method of claim 1, wherein the target and source
relationship data structures comprise bitmaps, wherein the
bitmap i1ncludes a bit value for each source and target storage
area included in the point-in-time copy relationship.

3. The method of claim 1, further comprising:

if the indicator in the source relationship data structure for
the source storage area to update 1s the second value,
then applying the update to the source storage area.

4. The method of claim 1, further comprising:

applying the update to the source storage area 1n response
to determiming that the determined indicator in the
target relationship data structure 1s the second value.

5. The method of claim 1, further comprising:

generating an update intercept message indicating the
source storage arca to update 1f the indicator in the
source relationship data structure for the source storage
area to update 1s the first value, wherein the determi-
nation of whether the indicator in the target relationship
data structure for the target storage area corresponding
to the source storage area to update 1s set to the first
value 1s performed 1n response to the update intercept
message.
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6. The method of claim 5, further comprising:

generating a write complete message after writing the data
in the source storage arca to the target storage area,
wherein the update 1s applied to the source storage area
in response to recerving the write complete message.

7. The method of claim 6, wherein the source and target
storage areas are 1n a first and second clusters, respectively,
and wherein generating the update intercept message further
comprises transmitting, by the first cluster, the update inter-
cept message to the second cluster; and wherein generating
the write complete message further comprises transmitting,
by the second cluster, the write complete message to the first
cluster.

8. The method of claim 6, wherein the source and target
storage areas are 1n first and second logical subsystems,
respectively, and wherein generating the update intercept
message further comprises making a function call to com-
municate the write intercept message, and wherein generat-
ing the write complete message further comprises making a
function call to communicate the write complete message.

9. The method of claim 1, wherein the indicator in the
target relationship data structure for the target storage area to
which data was written 1n response to the update intercept
message 1s set to the second value after writing the source
storage area to the target storage area and wherein the
indicator 1n the source relationship data structure 1s set to the
second value after applying the update to the target storage
area.

10. The method of claim 1, wherein the storage areas
comprise tracks, wherein the request to update the source
storage arca comprises a request to destage data from the
source tracks 1n a source cache to the source tracks, and
wherein writing the data 1n the source storage area to the
target storage area comprises staging the data in the source
tracks to a target cache and then destaging the tracks written
from the source tracks in the target cache to the target
storage area.

11. A method for establishing a point-in-time copy, com-
prising:

generating a source relationship data structure and target
relationship data structure when establishing a point-
in-time copy relationship between source and target
storage areas, wherein the source and target relation-
ship data structures each include an indicator for each
source storage area and corresponding target storage
area 1n the point-in-time copy relationship;

imitializing the source and target relationship data struc-
tures to set the idicator for each source storage area
and corresponding target storage area 1n the point-in-
time copy relationship to a first value;

determining that data was written to one target storage
area after establishing the point-in-time copy relation-
ship;

setting the indicators to a second value 1n the source and
target relationship data structures corresponding to the
source storage area and corresponding target storage
area 1n response to determining that the data was
written to the corresponding target area;

recerving a request for data 1n the target storage area;

11 the 1ndicator 1n the target relationship data structure for
the requested target storage area 1s set to the first value,
then returning the source storage area corresponding to
the requested target storage area; and

11 the 1ndicator 1n the target relationship data structure for
the requested target storage area 1s set to the second
value, then returning the requested target storage area
from the target storage area.
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12. The method of claim 11, wherein the storage areas

comprise tracks, wherein the request 1s to stage data from t.

1C

target tracks to a target cache, wherein returning t

1C

requested target storage area from the corresponding source
storage arca comprises staging the source tracks correspond-
ing to the target tracks to the target cache, and wherein
returning the requested target storage area comprises staging,

the requested target tracks to the target cache.

13. A method for establishing a point-in-time copy, com-

prising:

generating a source relationship data structure and target
relationship data structure when establishing a point-
in-time copy relationship between source and target
storage areas, wherein the source and target relation-
ship data structures each include an indicator for each
source storage area and corresponding target storage
area 1n the point-in-time copy relationship, and wherein
the storage areas comprise tracks;

initializing the source and target relationship data struc-
tures to set the idicator for each source storage area
and corresponding target storage area i1n the point-in-
time copy relationship to a first value;

determining whether a target track 1n a target cache was
destaged to the target track after establishing the point-
in-time copy relationship; and

setting the 1ndicators to a second value 1n the source and
target relationship data structures corresponding to the
source storage area and corresponding target storage
area 1n response to determining that the target track was
destaged from the target cache.

14. The method of claim 13, further comprising:

generating a message indicating that the target track was
destaged after destaging the target track from the target
cache, wherein the indicator in the target relationship
data structure 1s set to the second value after the target
track 1s destaged, and wherein the indicator in the
source relationship data structure 1s set to the second
value 1n response to the message.

15. A system for establishing a point-in-time copy, com-

prising;:

means for generating a source relationship data structure
and target relationship data structure when establishing
a point-in-time copy relationship between source and
target storage areas, wherein the source and target
relationship data structures each include an indicator
for each source storage area and corresponding target
storage area 1n the point-in-time copy relationship;

means for mitializing the source and target relationship
data structures to set the indicator for each source
storage area and corresponding target storage area 1n
the point-in-time copy relationship to a first value;

means for determining that data was written to one target
storage area after establishing the point-in-time copy
relationship;

means for setting the indicators to a second value 1n the
source and target relationship data structures corre-
sponding to the source storage area and corresponding,
target storage area in response to determining that the
data was written to the corresponding target area;

means for recerving a request to update one source storage
area included in the point-in-time copy relationship;

means for determiming whether the indicator in the target
relationship data structure for the target storage area
corresponding to the source storage area to update 1s set
to the first value i1 the indicator 1n the source relation-
ship data structure for the source storage area to update
1s the first value;
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means for writing the data in the source storage area to
update to the target storage area 1f the determined
indicator in the target relationship data structure 1s the
first value; and

means for applying the update to the source storage area
after writing the data 1n the source storage area to the
target storage area 1f the determined indicator in the
target relationship data structure 1s the first value.

16. The system of claim 135, further comprising:

means for applying the update to the source storage area
if the 1ndicator in the source relationship data structure
for the source storage area to update 1s the second
value.

17. The system of claim 13, further comprising:

means for generating an update intercept message indi-

cating the source storage area to update 1f the indicator
in the source relationship data structure for the source
storage area to update 1s the first value, wherein the
determination of whether the indicator in the target
relationship data structure for the target storage area
corresponding to the source storage area to update 1s set
to the first value 1s performed 1n response to the update
intercept message.

18. A system for establishing a point-in-time copy, com-

prising:

means for generating a source relationship data structure
and target relationship data structure when establishing
a point-in-time copy relationship between source and
target storage areas, wherein the source and target
relationship data structures each include an indicator
for each source storage area and corresponding target
storage area in the point-in-time copy relationship;

means for imtializing the source and target relationship
data structures to set the indicator for each source
storage area and corresponding target storage area in
the point-in-time copy relationship to a first value;

means for determining that data was written to one target
storage area after establishing the point-in-time copy
relationship;

means for setting the indicators to a second value 1n the
source and target relationship data structures corre-
sponding to the source storage area and corresponding,
target storage area in response to determiming that the
data was written to the corresponding target area;

means for recerving a request for data 1n the target storage
area;

means for returning the source storage area corresponding
to the requested target storage area 1f the indicator in
the target relationship data structure for the requested
target storage area 1s set to the first value; and

means for returning the requested target storage area from
the target storage areca if the indicator in the target
relationship data structure for the requested target stor-
age area 1s set to the second value.

19. A system for establishing a point-in-time copy, com-

prising:

means for generating a source relationship data structure
and target relationship data structure when establishing,
a point-in-time copy relationship between source and
target storage areas, wherein the source and target
relationship data structures each include an indicator
for each source storage area and corresponding target
storage area in the point-in-time copy relationship, and
wherein the storage areas comprise tracks;

means for imtializing the source and target relationship
data structures to set the indicator for each source
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storage area and corresponding target storage area in
the point-in-time copy relationship to a first value;

means for determining whether a target track 1n a target
cache was destaged to the target track after establishing
the point-in-time copy relationship; and
means for setting the indicators to a second value in the
source and target relationship data structures corre-
sponding to the source storage area and corresponding
target storage area in response to determiming that the
target track was destaged from the target cache.
20. An article of manufacture for establishing a point-in-
time copy, wherein the article of manufacture causes opera-
tions to be performed, the operations comprising:
generating a source relationship data structure and target
relationship data structure when establishing a point-
in-time copy relationship between source and target
storage arecas, wherein the source and target relation-
ship data structures each include an indicator for each
source storage area and corresponding target storage
area 1n the point-in-time copy relationship;

initializing the source and target relationship data struc-
tures to set the indicator for each source storage area
and corresponding target storage area 1n the point-in-
time copy relationship to a first value;

determining that data was written to one target storage

area after establishing the point-in-time copy relation-
ship;

setting the 1ndicators to a second value 1n the source and

target relationship data structures corresponding to the
source storage area and corresponding target storage
area 1n response to determining that the data was
written to the corresponding target area;

receiving a request to update one source storage area

included in the point-in-time copy relationship;

if the indicator in the source relationship data structure for

the source storage area to update 1s the first value, then
determining whether the indicator in the target rela-
tionship data structure for the target storage area cor-
responding to the source storage area to update 1s set to
the first value;

if the determined indicator 1n the target relationship data

structure 1s the first value, then writing the data in the
source storage area to update to the target storage area;
and

applying the update to the source storage area after

writing the data in the source storage area to the target
storage area 1l the determined indicator in the target
relationship data structure 1s the first value.

21. The article of manufacture of claim 20, wherein the
target and source relationship data structures comprise bit-
maps, wherein the bitmap includes a bit value for each
source and target storage area included 1n the point-in-time
copy relationship.

22. The article of manufacture of claim 20, further com-
prising;:

if the indicator 1n the source relationship data structure for

the source storage area to update 1s the second value,
then applying the update to the source storage area.

23. The article of manufacture of claim 20, further com-
prising:

applying the update to the source storage area 1n response

to determiming that the determined indicator in the
target relationship data structure 1s the second value.

24. The article of manufacture of claim 20, further com-
prising:

generating an update intercept message indicating the

source storage area to update 1f the indicator in the
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source relationship data structure for the source storage
area to update 1s the first value, wherein the determi-
nation of whether the indicator 1n the target relationship
data structure for the target storage area corresponding,
to the source storage area to update 1s set to the first
value 1s performed 1n response to the update intercept
message.

25. The article of manufacture of claim 24, further com-

prising:

generating a write complete message after writing the data
in the source storage area to the target storage area,
wherein the update 1s applied to the source storage area
in response to receiving the write complete message.

26. The article of manufacture of claim 25, wherein the
source and target storage areas are in a first and second
clusters, respectively, and wherein generating the update
intercept message further comprises transmitting, by the first
cluster, the update intercept message to the second cluster;
and wherein generating the write complete message further
comprises transmitting, by the second cluster, the write
complete message to the first cluster.

27. The article of manufacture of claim 25, wherein the
source and target storage areas are in first and second logical
subsystems, respectively, and wherein generating the update
intercept message further comprises making a function call
to communicate the write intercept message, and wherein
generating the write complete message further comprises
making a function call to communicate the write complete
message.

28. The article of manufacture of claim 20, wherein the
indicator 1n the target relationship data structure for the
target storage area to which data was written 1n response to
the update intercept message 1s set to the second value after
writing the source storage area to the target storage area and
wherein the mdicator in the source relationship data struc-
ture 1s set to the second value after applying the update to the
target storage area.

29. The article of manufacture of claim 20, wherein the
storage areas comprise tracks, wherein the request to update
the source storage area comprises a request to destage data
from the source tracks 1n a source cache to the source tracks,
and wherein writing the data 1n the source storage area to the
target storage area comprises staging the data 1n the source
tracks to a target cache and then destaging the tracks written
from the source tracks in the target cache to the target
storage area.

30. An article of manufacture for establishing a point-in-
time copy, wherein the article of manufacture causes opera-
tions to be performed, the operations comprising;:

generating a source relationship data structure and target
relationship data structure when establishing a point-
in-time copy relationship between source and target
storage areas, wherein the source and target relation-
ship data structures each include an indicator for each
source storage area and corresponding target storage
area 1n the point-in-time copy relationship;

imitializing the source and target relationship data struc-
tures to set the indicator for each source storage area
and corresponding target storage area 1n the point-in-
time copy relationship to a first value;

determiming that data was written to one target storage
arca after establishing the point-in-time copy relation-
ship;

setting the indicators to a second value in the source and
target relationship data structures corresponding to the
source storage area and corresponding target storage
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arca 1n response to determining that the data was
written to the corresponding target area;

receiving a request for data in the target storage area;

if the indicator 1n the target relationship data structure for

the requested target storage area 1s set to the first value,
then returning the source storage area corresponding to
the requested target storage area; and

if the indicator 1n the target relationship data structure for

the requested target storage area 1s set to the second
value, then returning the requested target storage area
from the target storage area.

31. The article of manufacture of claim 30, wherein the
storage areas comprise tracks, wherein the request 1s to stage
data from the target tracks to a target cache, wherein
returning the requested target storage area from the corre-
sponding source storage area comprises staging the source
tracks corresponding to the target tracks to the target cache,
and wherein returning the requested target storage area
comprises staging the requested target tracks to the target
cache.

32. An article manufacture for establishing a point-in-time
copy, wherein the article of manufacture causes operations
to be performed, the operations comprising:

generating a source relationship data structure and target

relationship data structure when establishing a point-
in-time copy relationship between source and target
storage areas, wherein the source and target relation-
ship data structures each include an indicator for each
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source storage area and corresponding target storage
area 1n the point-in-time copy relationship, wherein the

storage areas comprise tracks;

imitializing the source and target relationship data struc-
tures to set the idicator for each source storage area
and corresponding target storage area 1n the point-in-
time copy relationship to a first value;

determiming whether a target track in a target cache was
destaged to the target track after establishing the point-
in-time copy relationship; and

setting the indicators to a second value 1n the source and
target relationship data structures corresponding to the
source storage area and corresponding target storage
area 1n response to determining that the target track was
destaged from the target cache.

33. The article of manufacture of claim 32, further com-
prising:

generating a message indicating that the target track was
destaged after destaging the target track from the target
cache, wherein the indicator in the target relationship
data structure 1s set to the second value after the target
track 1s destaged, and wherein the indicator in the
SOUrce

relationship data structure 1s set to the second value 1n
response to the message.
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